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[57] ABSTRACT

Polymerizable amido-substituted sulfonic acids, espe-
cially  2-acrylamido-2-methylpropanesulfonic  acid,
react with epoxides (especially cthylene and propyl-
cne oxide) to form hydroxy-containing esters which
are useful for the production of dyeable and dyeabili-
ty-improving polymers.
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_ 1
POLYMERIZABLE HYDROXY-CONTAINING

ESTERS OF AMIDO-SUBSTITUTED SULFONIC
| -~ ACIDS o |

This is a continuation of application Ser. No. 375,257 °
filed June 29, 1973, now abandoned.

This invention relates to new compositions of matter
and methods for their preparation. More particularly, it
relates to compounds and mixtures of compounds of

the formuia
I
cmf C—NHR%(50,X),
R’ 15
wherein: |

R' is hydrogen, halogen or a lower alkyl-based radi-

cal; |

R? is a divalent or trivalent hydrocarbon-based radi- 5

cal;

each X 1s individually hydrogen or

[‘13 R'u |
C—C—O0—}H, 25
IL“ IL“ m
at least one X being other than hydrogen;
each of R, R*, R% and R® is hydrogen or a hydrocar-
bon-based radical, at least one of R?, R* R5 and R® 30
being hydrogen;

m 1s an integer from 1 to 10, and

nis | or 2. |

As used herein, the term ‘“hydrocarbon-based radi- 35
cal’” means:

. Hydrocarbon radicals, which include aliphatic,
cycloaliphatic and aromatic (including aliphatic- and
cycloaliphatic-substituted aromatic and aromatic-sub-
stituted aliphatic and cycloaliphatic) radicals, as well as 40
cyclic radicals wherein the ring is completed through
another portion of the molecule; that is, any two indi-
cated substituents may together form a cycloalkyl radi-
cal. | N

The following are illustrative of monovalent hydro- 45
carbon radicals within the scope of this invention. The
corresponding divalent or trivalent radicals are derived
therefrom by abstraction of one or two hydrogen
atoms. Where a named radical has several isomeric
forms (e.g., butyl), all such forms are included. = 50

Methy] Benzyl
Ethyi Cyclohexyl
Propy! Cyclopentyl -
Buty! Methylcyclopentyl
Hexyl Cyclopentadienyl
Octyl Vinylphenyl 35
Decyl Isopropenylphenyl
Vinyl Cinnamyl
Allyl Naphthyl
Ethynyl - '
Propargyl
Phenyl .
Tolyl 60
Aylyl
—CgH3(C,H;),
—CgH,(CH,),,CH,
65
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-contmnued

_CH, G CH,

Many obvious variations of thesc radicals will be
apparcnt to thosc skilled in the art and are included
within the scope of the invention.

2. Substituted hydrocarbon radicals; that 1s, hydro-
carbon radicals containing substituents which do not
alter significantly their character or reactivity. Exam-
ples of such substituents are:

Hydroxy

Ether (especially lower alkoxy)

Keto

Aldehydo

Ester (especially lower carbalkoxy)

Aminoacyl (amide)

Amino

Nitro

Cyano

Thioether

Sulfoxy

Sulfone

Sulfonic acid (and derivatives thereof)

In general, no more than about three such substituent
groups will be present for each 10 carbon atoms in the
radical.

Terms such as “alkyl-based”, “‘aryl-based”, etc.,
have corresponding meanings with respect to alkyl,
aryl, etc., radicals.

Usually, the hydrocarbon-based radicals in the com-
pounds of this invention are free from ethylemic and
acetylenic unsaturation and have no more than about
30 carbon atoms, desirably no more than about 12 1
carbon atoms. A preference is expressed for lower hy-
drocarbon radicals, the word ‘‘lower™ denoting radicals
containing up to seven carbon atoms. Still more prefer-
ably, they are lower alkyl or aryl radicals, most often
alkyl.

As previously indicated, R' in the compounds of this
invention may be hydrogen, halogen or a lower alkyl-
based radical. Most often it is hydrogen or lower alkyl
and especially hydrogen or methyl, usually hydrogen.
R? may be any divalent (usually) or trivalent hydrocar-
bon-based radical, preferably lower alkylene or arylenc
and especially lower alkylene. In a preferred embodi-
ment of the invention, R? is

IT?
—C~CHqy—

b

wherein R7 is hydrogen or a lower alkyl radical, R* is a
lower alkyl radical and the sulfur atom 1s attached to

the unsubstituted methylene carbon.
It 'will be apparent that when R* is an alkylene or
arylene radical, as preferred, n will be 1. In that event,

“the compounds of this invention are hydroxyalkyl or

alkyleneoxyalkyl esters of the corresponding sulfonic
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acids. When R? is a trivalent radical and n is 2, the
compounds of this invention include both the mono-
and diesters of the corresponding disulfonic acids, as
well as mixtures of monoesters and diesters.

Each of the R** radicals is hydrogen or a hydrocar-
bon-based radical, and at least one and preferably at
least two of said radicals 1s hydrogen. Usually, three of
thc R%® radicals are hydrogen and the fourth is hydro-
gen or a lower alkyl radical (preferably methyl).

The compounds of this invention are conveniently

prepared by reacting an acrylamido sulfonic acid of the
formula

CH,=C—C—NHR*S0O:H),

Ri

with an epoxide of the formuia

7
S\

In procedurcs of this type, the epoxide usually reacts as
though 1t werec a dimer or higher polymer. Thus, in
most of the compounds of this invention m will be 2 or
grecater, and the invention includes mixtures of com-
pounds in which m is 2 and greater than 2, up to 10, as
well as compounds in which rmus 1.

The rcaction between the acrylamidoalkanesulfonic
acid and thc epoxide is conveniently carried out by
merely mixing the two reagents, usually at a tempera-
turc of about 0°-50°C. It is ordmnarily preferred to use
an excess of the epoxide, generally at least a 2:1 and
frequently as high as a 25:1 excess (equivalents). The
excess epoxide may serve as a diluent for the reaction,
but other inert dilucents such as aromatic hydrocarbons,
aliphatic hydrocarbons, ethers and the hike may be
used. It is usually preferred that the reaction tempera-
ture not substantially exceed, for any prolonged period,
the boiling point of the epoxide, many of which are low
boiling compounds, since otherwise there may be con-
siderable loss of epoxide. It 1s often advantageous to
add a small amount of a polymerization inhibitor to the
reaction mixture, either before or during the reaction,
in order to avoid free radical polymerization under the
conditions of the reaction.

When the reaction i1s complete, the compounds or
mixtures of compounds of this invention may be recov-
ered by conventional recovery techniques. It s fre-
quently necessary only to remove the excess epoxide
and/or diluent by evaporation or the like, since the
product of this invention can frequently be used with-
out purification.

The preparation of the compounds of this invention
is illustrated by the following examples.

EXAMPLE 1

A three-necked rond-bottomed flask, equipped with
a stirrer and a Dry Ice-acetone condenser, is cooled to
0°C. and 531 parts (12.06 moles) of ethylene oxidc 1s
charged thereto, followed by 125 parts (0.6 mole) of
2-acrylamido-2-methylpropanesulfonic acid and 0.125
part of hydroquinone monomethyl ether. The mixture
is stirred under reflux (about 12°C.) for about three
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hours. The excess ethylene oxide 1s then removed by
vacuum stripping, yielding the desired ester. From the
amount of ethylene oxide recovered, 1t appears that an
average product molecule contains 1.83 ethylene oxide
units.

EXAMPLE 2

A flask similar to that used i Example |, but
equipped with a water-cooled condenser, 1s cooled to
below 20°C. and charged with {740 parts (30 moles) of
propylene oxide, 310.5 parts (1.5 moles) of 2-
acrylamido-2-methylpropanesulfonic acid, and 0.3]
part of hydroquinone monomethyl ether. The mixture
is heated under reflux (35°-36°C.}), with stirring, for
about 1-%4 hours, and the excess propylene oxide is
then removed by vacuum stripping. The residual hquid
is the desired ester. From the amount of propylene
oxide removed, it appears that an average molecule of
the product contains 2.0 propylene oxide units.

EXAMPLE 3

2-Acrylamido-2-methylpropanesultonic acid, 103.5
grams (0.5 mole), is added at 21°C. to a mixturc ot 88
grams (1.5 moles) of propylene oxide, 20 ml. of di-t-
butylcresol and 250 ml. of benzene. The mixture 1s
stirred for 2 hours, during which time the temperature
rises to 32°C. Unreacted sulfonic acid i1s removed by
filtration and volatiles are stripped under vacuum from
the filtrate. The restduc is the desired ester.

EXAMPLE 4

Following the procedurc of Example 2, propylene
oxide is reacted with 2-methacrylamido-2-methylpro-
panesulfonic acid to produce a similar estcer.

EXAMPLE 5

Following the procedure of Example 2, 2-
acrylamido-2-phenylpropanesulfonic acid is reacted
with propylene oxide to produce a similar ester.

EXAMPLE 6

Following the procedure of Example 2, propylene
oxide is reacted with 4-acrylamidobenzenesulfonic acid
to produce a similar ester.

The compounds of this invention may be polymer-
ized under free-radical conditions, either alone or in
the presence of other monomers. The term “polymer™,
as used herein, includes addition homopolymers, co-
polymers, terpolymers and other interpolymers.

Polymerization by the free-radical method may be
effected in bulk, solution, suspension or emulsion, by
contacting the monomer or monomers with a polymeri-
zation initiator either in the absence or presence of a
diluent at a temperature of about 0°-200°C. Suitable
initiators include benzoyl peroxide, tertiary butyl hy-
droperoxide, acetyl peroxide, hydrogen peroxide, azo-
bisisobutyronitrile, persulfate-bisulfite, persultate-
sodium formaldehyde sulfoxylate, chlorate-sulfite and
the like.

A large variety of polymerizable compounds can be
used to form interpolymers with the compounds of this
invention. They include (1) unsaturated monohydric
alcohols and esters thereof, (2) unsaturated acids and
esters thereof, (3) unsaturated polyhydric alcohols and
esters thereof, (4) vinyl cyclic compounds, (5) unsatu-
rated ethers, (6) unsaturated ketones, (7) unsaturated
amides, (8) unsaturated aliphatic hydrocarbons, (9)
unsaturated alkyl halides, (10) unsaturated acid anhy-
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drides, (11) unsaturated acid chlorides, and (12) un-
saturated nitriles. Specific illustrations of such com-
pounds are:

1. Unsaturated alcohols and esters thereof: Allyl,
methallyl, crotyl, 1-chloroallyl, 2-chloroallyl, cinnamyl,
vinyl, methylvinyl, 1-phenallyl, butenyl alcohols, and
esters of such alcohols with saturated acids such as
acetic, propionic, butyric, valeric, caproic and stearic;
with unsaturated acids such as acrylic, alphasubstituted
acrylic (including alkylacrylic, e.g., methacrylic,
ethylacrylic, propylacrylic, etc., and arylacryhic such as
phenylacrylic), crotonic, oleic, linoleic and linolenic;
with polybasic acids such as oxalic, malonic, succinic,
glutaric, adipic, pimelic, suberic, azelaic and sebacic;
with unsaturated polybasic acids such as maleic, tu-
maric, citraconic, mesaconic, itaconic, methylenema-
lonic, acetylenedicarboxylic and aconitic; and with
aromatic acids, e.g., benzoic, phenylacetic, phthalic,
terephthalic and benzoylphthalic acids. -

2. Unsaturated acids (exampies of which appear
above) and esters thereof with saturated alcohols, such
as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, 2-ethylhexyl, cyclohexyl or behenyl
alcohols.

3. Unsaturated polyhydric alcohols, e.g., butenediol,
and esters thereof with saturated and unsaturated ali-
phatic and aromatic, monobasic and polybasic acids,
examples of which appear above.

4. Vinyl cyclic compounds including styrene, o-, m-,
p-chlorostyrenes, bromostyrenes, fluorostyrenes, meth-
ylstyrenes, ethylstyrenes and cyanostyrenes; di-, tri-,
and tetra-chlorostyrenes, bromostyrenes, fluorosty-
renes, methylstyrenes, ethylstyrenes, cyanostyrenes;
vinylnaphthalene, vinylcyclohexane, divinylbenzene,
trivinylbenzene, allylbenzene, and heterocycles such as
vinylfuran, vinylpyridine, vinylbenzofuran, N-vinylcar-
bazole, N-vinylpyrrolidone and N-vinyloxazohdone.

5. Unsaturated ethers such as methyl vinyl ether,
ethyl vinyl ether, cyclohexyl vinyl ether, octyl vinyl
ether, diallyl ether, ethyl methallyl ether and allyl ethy]
ether.

6. Unsaturated ketones, e.g. methyl vinyl ketone and
ethyl vinyl ketone.

7. Unsaturated amides, such as acrylamide, methac-
rylamide, N-methylacrylamide, N-phenylacrylamide,

N-allylacrylamide, N-methylolacrylamide, N-allylca-

prolactam, diacetone acrylamide, hydroxymethylated
diacetone acrylamide and 2-acrylamido-2-methylpro-
panesulfonic acid.

8. Unsaturated aliphatic hydrocarbons, for instance,
ethylene, propylene butenes, butadiene, isoprene, 2-
chlorobutadiene and alpha-olefins 1n general.

9. Unsaturated alkyl halides, e.g., vinyl fluoride, vinyl
chloride, vinyl bromide, vinylidene chloride, vinyhdene
bromide, allyl chloride and allyl bromide.

10. Unsaturated acid anhydrides, e.g., maleic, citra-
conic, itaconic, cis-4-cyclohexene-1,2-dicarboxylic and
bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic anhydrides.

11. Unsaturated acid halides such as ctnnamoyi, ac-
rylyl, methacrylyl, crotonyl, oleyl and fumaryl chlo-
rides or bromides.

12. Unsaturated nitriles, e.g., acrylonitrile, methacry-
lonitrile and other substituted acrylonitriles.

The especially preferred polymers are the copoly-
mers with acrylic monomers; that is, with acids such as
acrylic and methacrylic acids and their esters, amides
and nitriles. Copolymers with acrylonitrile are espe-
cially useful, as described hereinafter. '”
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The preparation of polymers of this invention is illus-
trated by the following examples.

EXAMPLE 7

To a solution of 264 grams of 2-acrylamido-2-
methylpropanesulfonic acid and 0.02 gram of hydro-
quinone monomethy! ether in 500 grams of t-butyl
alcohol is added with stirring, over 20 minutes at a
temperature below 50°C., 135 grams of ethylene oxide.
The mixture is stirred overnight and then an additional
30 grams of ethylenc oxide is added and stirrning 1s
continued until the mixturce is homogeneous. It 1s fil-
tered and the residue is washed with additional t-buty]
alcohol. The total volume 1s 1000 ml.

A solution of 375 grams of acrylonitrile 1in 2500
grams of t-butyl alcohol is purged with nitrogen and
heated to 50°C., and there arc added 200 ml. ot the
above-described solution and 5 grams of 4-t-butylcy-
clohexyl peroxydicarbonate. The mixture 1s stirred and
after about 1 % hours, an additional 2.5 grams of the
peroxydicarbonate is added. Stirring is continued tor
an additional 3-% hours, after which the polymer
which precipitated is removed by filtration, washed
with t-butyl and isopropyl alcohols and dried in vac-
uum.

EXAMPLE §

Following the procedure of Example 7, 240 grams of
2-acrylamido-2-methylpropancsulfonic acid s reacted
with 135 grams of propylene oxide in t-butyl alcohol

" solution, to obtain an ester solution with a total volumc
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of 950 ml. Acrylonitrile, 375 grams, is then reacted
with 150 ml. of this solution to obtain the desired co-
polymer which is isolated as in Example 7.

EXAMPLE 9

A 4.4-gram portion of a reaction product of ethylenc
oxide with 2-acrylamido-2-methylpropanesulfomc
acid, similar to that described in Example 1, is diluted
with 2.4 ml. of 0.1 N sulfuric acid and further diluted
with water to 100 ml. A reaction flask, fitted with a
stirrer, thermometer, nitrogen inlet tube and four addi-
tion funnels, is charged with 0.8 ml. of a 0.1 N sulfuric
acid solution and 100 ml. of water, and the above-
described product solution is added over 1-' hours,
simultaneously with 100 grams of acrylonitrile, a solu-
tion of 1.5 grams of potassium persulfate in 100 ml. of
water, and a solution of 0.75 gram of sodium metabisul-
fite in 100 ml. of water. After the addition of the re-
agents is complete, the mixture is stirred at 50°C. for 15
minutes and cooled to room temperature. The mixture
is poured into a large excess of water and the prectpi-
tated polymer is removed by filtration, washed with
water and dried at 60° C. in vacuum. The polymer
absorbs 54% of its weight of Sevron Blue 2G basic dye.

EXAMPLE 10

Following the procedure of Example 9, a copolymer
which absorbs 65.8% of its weight of Sevron Blue 2G
dye is prepared from 100 grams of acrylonitrile, 10
grams of a reaction product of propylene oxide with
2-acrylamido-2-methylpropanesulfonic acid similar to
that of Example 3, 0.75 gram of potassium persulfate
and 2.2 grams of sodium metabisulfite.

The polymers of this invention, illustrated by those of
Examples 9 and 10, can be drawn into fibers having
improved affinity for basic dyes as comparcd with fi-
bers of polymers not containing the monomenc com-
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pounds of this invention. Other polymers of this inven-
tion, such as those of Examples 7 and &, may be
blended with fiber-forming polymers such as polyacryl-
onitrile to form dyeablc polymeric compositions, by
methods similar to the one disclosed in U.S. Pat. No.
2,527,863, In general, the dyeablc polymer composi-
tion will contain up to about 10% by weight of the
polymer of this invention.

What 1s claimed is:

1. Mixturcs of compounds of the formula

0 R.:i M
(‘HE#[*HNHR'-'SO;. --A*_ —o—|H
Ri ILi "
m

whercin:

R! is hydrogen, halogen or a lower alkyl radical;

R? is divalent hydrocarbon radical having no more
than about 30 carbon atoms;

each of R R R* and R® is hydrogen or a lower
hydrocarbon radical, at least one of R%, R, R® and
R* being hydrogen; and

m 18 an integer from | to 10 ;

" e R

LN

1)

20

25

30

35

4(}

45

50

55

60

65

8

with the provisos that said hydrocarbon radicals are
free from ethylenic and acetylenic unsaturation
and that said mixtures contain compounds differing
in the values of m.

2. Mixtures of compounds according to claim 1
whercin R' is hydrogen or a lower alkyl radical, R* is a
lower alkylene radical, and at least two of R®, R4, R®
and R® are hydrogen.

3. Mixturcs of compounds according to claim 2
whercin R! is hydrogen or methyl,

RT

R* iy —C—CH,— |,

RH

one of R?, R?, R, and R®is hydrogen or methyl and the
other thrce are hydrogen, R” is hydrogen or a lower
atkyl radical, R® is a lower alkyl radical, and the sulfur
atom is attached to the unsubstituted methylene carbon
of R*

4. Mixtures of compounds according to claim 3

whercin R is hydrogen and each of R? and R® is methyl.
¥ L * ) *
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